To explore the effect of GH deficiency on metabolic phenotype of mice, we measured RER 1 3 7 using indirect calorimetry. Fig. 5A and B provides overview of RER values for each hour 1 3 8 recorded for 6 days for female and male mice, respectively. Notably, the RER of both male and 1 3 9 female GHRH -/mice decreased much more rapidly during the transition between dark and light 1 4 0 cycles compared with WT littermates (Fig. 5A, B ). RER measurements collected for 6 days were 1 4 1 averaged into a single day ( Fig. 5C, D) . These results clearly show significantly lower RER for 1 4 2 both male and female GHRH -/mice compared to WT littermates during the light cycle, but not 1 4 3 dark cycle (Fig. 5C, D) . The comparison of RER measurements collected from 6 light and 6 dark 1 4 4 cycles confirm that the significant difference in the metabolism of GHRH -/mice functions in 1 4 5 circadian manner ( Fig. 5E-H) . Fig. 6A, B , E, and F show mean hourly oxygen consumption (VO 2 ) and carbon dioxide 1 4 8 production (VCO 2 ) of male and female mice for 6 days. All mice presented diurnal rhythm of 1 4 9 higher VO 2 , VCO 2 during the dark cycles compared to VO 2 , and VCO 2 measured during the 1 5 0 light cycles. Fig. 5C , D, G, and H show VO 2 and VCO 2 measurements collected for 6 days were 1 5 1 averaged into a single day. Male and female GHRH -/have significantly lower absolute VO 2 and 1 5 2 VCO 2 compared to WT littermates (Fig. 5C , D, G, and H). Overall averages of light and dark 1 5 3 cycle absolute VO 2 and VCO 2 measurements were significantly lower in GHRH -/female and 1 5 4 male mice compared to WT littermates in both light and dark cycles ( Fig. 7A-H) . In parallel, 1 5 5 ANCOVA, which controls for differences in body weight, showed male and female GHRH -/-1 5 6 mice have significantly lower respiration rates compared to WT littermates, during both light and We calculated energy expenditure from the respiratory parameters collected by indirect 1 6 0 calorimetry to assess the effect of GH-deficiency on metabolic rate. Fig. 9A and B show energy 1 6 1 expenditure of female and male, respectively, GHRH -/mice and WT littermates for 6 days. We 1 6 2 averaged this data into a single day showing the dramatic reduction of absolute metabolic rate in 1 6 3 both male and female GHRH -/mice compared to WT littermates ( Fig. 9C, D) . The analyses of 1 6 4 energy expenditure representing the 6 light and 6 dark cycles confirmed the downward shift of 1 6 5 metabolic rate in GH-deficient mice ( Fig. 10A-D) . To control for the effect of significant 1 6 6 differences in body weight on energy expenditure, we used ANVOCA, which showed dramatic 1 6 7 reduction in metabolic rates of both male and female GHRH -/mice compared to WT littermates To assess insulin tolerance, we performed intraperitoneal insulin injections and measured blood 1 7 3 glucose levels. Upon injection with insulin, glucose concentrations decreased significantly lower 1 7 4 levels in GHRH -/female and male mice than their littermate controls ( Fig. 12A, B ). Area under 1 7 5 the curve (AUC) data were significantly lower GHRH -/female and male mice than their 1 7 6 littermate controls ( Fig. 12C, D) . To evaluate the glucose homeostasis in vivo, we performed intraperitoneal glucose tolerance test (IPGTT). We did not observe any significant differences in 1 7 8 blood glucose levels throughout the 2-hour period following glucose injection ( Fig. 12E , F). AUC analyses did not reveal any statistical significance due to loss of GHRH ( Fig. 12G, H) . This 1 8 0 data strongly supports the notion that GH deficiency improves insulin sensitivity in vivo. Mouse GHRH gene has 5 exons and is located on chromosome 2. Exon 1 does not include 1 9 1 protein coding sequences, exon 2 and a portion of exon 3 encodes for the signal peptide. Most of 1 9 2 exon 3 and a portion of exon 4 encode for the mature GHRH peptide [24, 25] . Previously, 1 9 3 GHRH gene was knocked out in mice using a neomycin resistance cassette to replace parts of 1 9 4 both exon 2 and 3 [17] . This approach introduces the possibility of passenger flanking 1 9 5 alleles/mutations, which is one explanation for phenotypic variations between mice generated 1 9 6 with CRISPR/Cas9-based gene-editing and classical knockout method [26, 27] . Agouti gene and 1 9 7 GHRH -/alleles co-segregate in the mouse model generated by Salvatori lab [17] . Previously, 1 9 8 GHRH -/mice were shown to have increased adiposity and insulin sensitivity, which are the two 1 9 9 key parameters linked to longevity in different knockout models of the growth hormone Therefore, we generated a 'clean' model for GHRH -/mice using the CRISPR/Cas9 system, out this possibility, we used GHRH -/mice on mixed genetic background for this study. Indirect calorimetry provides highly sensitive, accurate, and noninvasive measurements of for indirect calorimetry is the duration of acclimation period. Generally, data collection by 2 1 3 indirect calorimetry is limited to 24 hours, which usually takes place after a 24 hours acclimation 2 1 4 period [5, 31, 32] . Our mice are housed as a group of seven in each cage with room temperature 2 1 5 between 20-23°C. Temperature within the cage is thought to be closer to the thermoneutral zone, where energy expenditure required for maintaining body temperature is at its lowest. Moving 2 1 7 mice from group housing to single housing is expected to increase their expenditure [33] . For 2 1 8 this reason, it is critical for mice to adjust to cold stress before any respiratory measurements are 2 1 9 performed. In order to obtain accurate and reliable measurements from indirect calorimetry, we 2 2 0 acclimated mice in the respiratory chambers for 7 days. Interpretation of metabolic and physiological parameters has been problematic due to differences 2 2 3 in body weight in some genetic models [34] . In order to compensate for these differences, flawed conclusions [34] [35] [36] [37] . Analysis of covariance (ANCOVA) has been promoted as the 2 2 7 suitable method of analysis for physiological parameters that are influenced by variables such as 2 2 8 body weight [36, 38, 39] . We utilized this unbiased statistical approach to control for the 2 2 9 influence of body weight on body composition and indirect calorimetry data. The inverse relationship between lifespan and body size within species has been observed not 2 3 2 only in mice but also, in rats, dogs, horses and humans [6, [40] [41] [42] . Decreased body size is one of in exact same conclusions. We did not observe great differences in absolute fat mass between 2 4 1 GHRH -/female and male mice and WT littermates. However, ANCOVA demonstrated that fat 2 4 2 mass adjusted for body weight is significantly increased in mice lacking GHRH. We aimed to utilize indirect calorimetry to investigate the metabolic effects, which are associated to WT littermates. Another study using Ames dwarf and GHR -/found significantly decreased 2 4 9 absolute energy expenditures for both models [31] . Using indirect calorimetry, we examined the 2 5 0 RER, which is a unitless ratio obtained by dividing VCO 2 by VO 2 . RER is close to 0.7 when 2 5 1 mice metabolize fat as an energy source and RER is close to 1.0 when mice metabolize mice. This suggests that GHRH -/mice have a greater level of fat utilization, which appears to 1 5
Detecting the presence of indels 3 0 0
Genomic DNA from mouse-tail biopsies was obtained by digesting in lysis buffer (50 mM Tris-3 0 1
HCl pH 8.0, 100 mM EDTA pH 8.0, 100 mM NaCl, 1% SDS) with proteinase K (0.3 mg/ml), Cas9 nuclease activity. Indels or deletions were detected by heteroduplex mobility analysis 3 0 9 (HMA) from tail genomic DNA of potential founder animals. PCR amplicons were cloned using 3 1 0 the TOPO-TA cloning kit (ThermoFisher/Invitrogen, Carlsbad CA). Colonies were picked from 3 1 1 each plate and grown in 1.5 ml liquid cultures to isolate plasmid DNA using an alkaline lysis 3 1 2 procedure. Plasmid DNA was sequenced using M13 forward or reverse primers. Mice were maintained in a fixed light−dark cycle with ad libitum access to food and water. A (UAB) genomics core was crossed with a BALB/cByJ for increased genetic diversity, increased 3 1 8 fecundity, and reduced aggression. Mice heterozygous for our GHRH mutation were then crossed with littermates to obtain homozygous wild type and homozygous mutant animals. Due were then breed as controls and homozygous mutant males were breed to littermate female 3 2 2 heterozygous females in order to obtain experimental animals. The mice were scanned using the GE Lunar PIXImus DXA with software version 1.45. The 3 2 6 mice were anesthetized using an Isoflurane (3%) and oxygen (500ml/min) mixture, delivered by excluded from the analysis and the data obtained included BMC, BMD, lean mass and fat mass. infrared sensors to monitor oxygen (O 2 ) and carbon dioxide (CO 2 ), respectively. We performed 3 3 5 indirect calorimetry with 24 mice (12 wild type and 12 GHRH -/-). We divided mice into 3 groups 3 3 6 and collected measurements on 8 animals at a time (4 WT and 4 GHRH -/-). The mice were 3 3 7 housed in separate respiratory chambers for 7 days for acclimatization before starting the 3 3 8 measurements. After a 7-day acclimation period, respiratory parameters of mice were recorded 3 3 9 for 6 days with ad-libitum access to standard chow and water. Respiratory samples were 3 4 0 measured every 9 minutes per mouse, and the data were averaged for each hour. RER was in X, Y, and Z coordinates to record physical activity of mice. If the mouse is standing still and 3 4 4 starts a repetitive act, such as grooming, it will continuously break the same beam indicating 3 4 5 locomotor activity. When the currently broken beam is different from the previous one, activity 3 4 6 is counted as ambulatory. Overnight-fasted mice underwent glucose tolerance test by intraperitoneal injection with 1 g of 3 5 0 glucose per kg of body weight. Blood glucose levels were measured at 0, 5, 15, 30, 60, 90, and The unpaired Student's t-test with Welch's correction was used for statistical analysis. Statistical 3 7 2 significance was established at p<0.05, two-tailed. We used (generalized linear model) GLM interaction was not found, the code was run without the interaction term. Our GLM models were https://www.mmpc.org/shared/regression.aspx) energy expenditure analysis tool. Graphs were 3 7 7 generated with GraphPad Prism 8 (San Diego, CA). We thank Sofia Canlas, Joseph Jablonsky, Whitney Turner, and Matthew Joyner for technical 3 8 7 assistance. We also thank other members of the Sun lab for their helpful discussion and 3 8 8 comments on the revision of the manuscript. All of the contributing authors declared no conflicts of interest. This work was supported in part by National Institute on Aging grants AG048264, AG057734 3 9 3 and AG050225 (L.S.). There are no conflicts of interest. (1917) . The elements of the science of nutrition: WB Saunders Company). between exon 2 and intron 3 (A). Identification of mutations introduced by CRISPR/Cas9 in
